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A e r a t i n g  F a r m  - S t o r e d  G r a i n  

T  
o o  M U C H  M ; O I S T U R E  M I G R A T I O N  i n  s t o r e d  g r a i n  m a y  c a u s e  h e a t i n g  
a n d  m o l d i n g  - t h e n  s p o i l a g e  a n d  c a k i n g  - i n  t h e  t o p  s e v e r a l  
i n c h e s .  T h i s  c a n  h a p p e n  e v e n  i n  g r a i n  t h a t  h a s  b e e n  s t o r e d  a t  a  s a f e  
m o i s t u r e  l e v e l  i n  w e a t h e r t i g h t  b i n s .  
M O I S T U R E  M I G R A T I O N  
W h y  M o i s t u r e  A c c u m u l a t e s  
G r a i n  h a r v e s t e d  a n d  p l a c e d  i n  s t o r a g e  i n  l a t e  s u m m e r  o r  e a r l y  f a l l  
w i l l  u s u a l l y  h a v e  a  t e m p e r a t u r e  o f  5 0 °  F .  o r  h i g h e r  - e v e n  a s  h i g h  a s  
8 0 °  F .  D u r i n g  l a t e  f a l l  a n d  e a r l y  w i n t e r ,  t h e  g r a i n  n e a r  t h e  w a l l s  a n d  
s u r f a c e  o f  t h e  b i n  c o o l s  r a p i d l y ,  w h i l e  g r a i n  a t  t h e  c e n t e r  r e m a i n s  
w a r m .  T h i s  t e m p e r a t u r e  d i f f e r e n c e  c r e a t e s  s l o w l y  m o v i n g  a i r  c u r r e n t s  
a s  t h e  c o o l  a i r  m o v e s  d o w n w a r d  a n d  t h e  w a r m  a i r  m o v e s  u p w a r d  
( F i g .  1 ) .  B e c a u s e  c o o l  a i r  c a n n o t  c a r r y  a s  m u c h  m o i s t u r e  a s  w a r m  a i r ,  
m o i s t u r e  i s  c o n d e n s e d  w i t h i n  t h e  u p p e r  l a y e r s  o f  g r a i n  w h e n  t h e  w a r m  
a i r  m e e t s  t h e  c o o l  a i r .  
A l t h o u g h  m o i s t u r e  m o v e s  s l o w l y ,  i t  c o n t i n u e s  t o  m o v e  a s  l o n g  a s  
t e m p e r a t u r e  d i f f e r e n c e s  c r e a t e  a i r  c u r r e n t s .  I f  m o i s t u r e  m i g r a t i o n ,  
w h i c h  i s  m o s t  p r o n o u n c e d  i n  l a r g e  b i n s ,  i s  a l l o w e d  t o  c o n t i n u e  f o r  v e r y  
m a n y  m o n t h s ,  i t  c a n  s e v e r e l y  d a m a g e  t h e  s u r f a c e  l a y e r s  o f  t h e  g r a i n .  
M O I S T U R E  C O N D E N 'S E S  
I N  C O O L  S U R F A C E  L A Y E R S  
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C O N V E C T I O N  
A I R  C U R R E N T S  
. . ,  ~ ~ 
H o w  M o i s t u r e  M i g r a t e s  i n  G r a i n .  D u r i n g  l a t e  f a l l  a n d  e a r l y  w i n t e r ,  g r a i n  
n e a r  t h e  w a l l s  a n d  s u r f a c e  o f  t h e  b i n  c o o l s  f a s t ,  w h i l e  g r a i n  a t  t h e  c e n t e r  
s t a y s  w a r m .  T h i s  d i f f e r e n c e  i n  t e m p e r a t u r e  c a u s e s  m o i s t u r e  t o  m o v e  f r o m  
t h e  w a r m  t o  t h e  c o o l  a r e a s .  O n e  w i n t e r ' s  a c c u m u l a t i o n  o f  m o i s t u r e  m a y  
c a u s e  c a k i n g  a n d  m o l d i n g  i n  t h e  t o p  l a y e r s  o f  t h e  g r a i n .  ( F i g .  1 )  
T h i s  p u b l i c a t i o n  w a s  p r e p a r e d  b y  G E N E  C .  S H O V E ,  

A s s o c i a t e  P r o f e s s o r  o f  A g r i c u l t u r a l  E n g i n e e r i n g .  
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rap. )'Control of Moisture Migration 
Moisture migration can be controlled by equalizing the temperature 
throughout the grain. An effective method of doing this is to move 
small quantities of air through the grain. This is referred to as "grain 
aeration" or "grain cooling." Proper operation of aeration equipment 
can keep the grain cooled to temperatures close to the average air 
temperature throughout the fall and winter. 
EQUIPMENT USED FOR AERATION 
The most reliable and effective equipment for moving air through 
the grain consists of a motor-driven fan and an air duct or perforated 
floor. 
Motor and Fan 
Two things should be considered in choosing a motor-driven fan: 
the volume of air required (cubic feet of air delivered a minute, cfm), 
and the static pressure (resistance this volume of air meets, in inches 
of water pressure). The volume of air required depends on the quantity 
of grain stored, while the static pressure depends on the depth and 
kind of grain stored (Table 2). 
Minimum airflow rates for fans operated continuously are as low 
as 1/50 cfm a bushel of grain. Commercial operators often use rates 
of 1/10 cfm a bushel or higher. A rate of 1/20 to 1/30 cfm a bushel 
is adequate for most farm-stored grain. 
Tables 1 and 2 can be used as a guide in selecting a motor-driven 
fan. For example, assume you want to determine the required motor 
size for aerating a silo filled to a depth of 25 feet with 6,000 bushels of 
shelled corn. You want to provide an airflow of 1/10 cfm a bushel. By 
referring to Table 1, you will find the power requirement for 6,000 
Table 1. - Typical Horsepower Requirements for Aeration 
of Shelled Corn and Soybeansa 
Depth of grain, ft . ... . . Up to 20 20 to 30 30 to 40 40 to 50 
Airflow, drn/bu........ 1/10 1/30 1/10 1/30 1/10 1/30 1/10 1/30 
Bushels of grain Horsepower 
2,000 . ... .. . ......... 
3,000 ... ......... .... 
6,000 ................ 
10,000 ................ 
20,000 ........... . .. .. 
30,000 ................ 
40,000 . . ...... . ....... 
60,000 ................ 
1/20
1/12 
1/6
1/4
1/2
3/4
1 
172 
1/50
1/50 
1/20
1/12
1/6
1/4 
1/3
1/2 
1/12 
1/6
1/4
1/3
3/4
1 
172 
2 
1/50 
1/20
1/20
1/12
1/6 
1/4
1/3
1/2 
1/6 1/50 
1/6 1/20
1/3 1/20
1/2 1/12
1 1/6 
172 1/4
2 1/3
3 1/2 
1/6 1/50
1/4 1/20
1/2 1/12
3/4 1/6 
172 1/4
2 1/3
3 1/2
5 3/4 
a Horsepower requirements for small grains such as wheat and oats will be at least twice 
as great as those shown for corn and soybeans. 
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Table 2. ­ Static Pressure and Horsepower Requirements
for Grain Aeration Fans 
Depth of Static pressure (in. of Horsepower/1,000 bu.water) when airflow is - when airflow is ­grain, ft. 

1/10 dm/bu. 1/30 dm/bu. 1/10 dm/bu. 1/30 dm/bu. 

CORN AND SOYBEANS 
Up to 20 ... . .... . . .. .7 .5 .025 .006
20 to 30 ..... ..... ... .9 .6 
.030 .007
30 to 40 .. .. ......... 1.3 .7 .045 
 .008 40 to 50 . .. ...... . . . . 
 1.9 . 8 .065 .009 
WHEAT AND OATS 
Up to 20 .. .... ... ... 1.6 
 1.1 
.055 .01220 to 30 .. . . ... ..... . 2.6 1.4 
 .090 .015 30 to 40 ....... . ... .. 4.0 1.9 
 .135 .02040 to 50 ......... . . .. 6.0 2 . 5 . 200 
 .030 
bushels at a depth of 20 to 30 feet is Y4 horsepower. The fan must de­
liver 600 cfm against a static pressure of 0.9 inches of water (Table 2).

A crop-drying fan may also be used for aeration but should be

operated only for short periods of time because of its high air volume
delivery (see Operating Conditions, pages 7-8). 

Air Distribution System 
A perforated floor provides the most efficient air distribution system
and when installed in a bin for drying purposes should also be usedfor aeration. It may not be practical, however, to install a perforatedfloor only for aeration, for ducts are satisfactory and are less costly.
Ducts installed on the floor (Figs. 2 and 3) may be circular, semi­
circular, arched, rectangular, or U- or V-shaped in cross section.
To determine the required cross-sectional area of a duct, the total
air volume to be carried by the duct is divided by the maximum air
velocity (in feet a minute) permitted within the duct.
Total air volume (cfm) 
.A' . (f ) = Cross-sectlOn area (square feet)lr veloclty pm 
Because a high air velocity results in a large friction loss, it is best
to keep the velocity in the range of 1,000 to 1,500 fpm. For ducts only
a few feet long, a velocity as high as 2,000 fpm would be acceptable.Suppose you want to determine the required duct size for exhaust­ing the 600 cfm of air used for aerating the silo of shelled corn in the
previous example. Since the aeration duct in a silo of grain will be
relatively short, you can use an air velocity of 2,000 fpm. The required .. 
. 
. 600 cfmcross-sectional area of the duct w1ll be, 2000 fpm = 0.3 square feet. An
8-inch-diameter duct would be sufficient, as shown top of page 6. 'r 
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Floor Duct System for a Circular or Square Bin. Perforations should be 
at least 10 percent of the surface area of the collector ducts for free entry 
of air. Because grain may plug some of the openings, a total of 15 to 20 
percent perforation is desirable. In tall silo-shaped bins, collector ducts 
may be replaced with a single collector in the center of the floor. A per­
forated oil drum serves well as a collector. (Fig. 2) 
AIR INTAKE 
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Floor Duct System for a Rectangular Bin. A wooden air duct placed on 
2 x 4-inch slats is adequate for rectangular bins under SO feet long. Con­
sult a reliable manufacturer of aeration equipment for ducts longer than 
SO feet, because of the uneven air distribution in long ducts with uniform 
air inlets. For uniform air distribution in a long duct, the percentage of 
perforation in relation to the duct surface must be lowest at the fan end 
- often less than 1 percent. The percentage should increase with distance 
away from the fan until a maximum of 15 to 20 percent is reached at the 
farthest point. In a wide storage requiring more than one duct, the dis­
tance between ducts should not be greater than the grain depth. (Fig. 3) 
5 
D i a m e t e r  A p p r o x i m a t e  
D i a m e t e r  A p p r o x i m a t e  
( i n . )  a r e a  ( s q .  f t . )  
( i n . )  a r e a  ( s q .  f t . )  
4  . . . . . . . . . . . . . . . . . . . . 0 8  
1 2  . . . . . . . . . . . . . . . . . . . 7 5  

6  . . . . . . . . . . . . . . . . . . . . 2 0  
1 4  . . . . . . . . . . . . . . .  . . .  1 . 0 5  

8  . . . . . . . . . . . . . . . . . . . . 3 5  
1 6  . . . . . . . . . . . . . . . . . .  1 . 4 0  

1 0  . . . . . . . . . . . . . . . . . . . . 5 5  
1 8  . . . . . . . . . . . . . . . . . .  1 . 7 5  

I f  y o u  m a k e  a n  a e r a t i o n  d u c t  o u t  o f  m e t a l ,  c h o o s e  a  m e t a l  t h a t  c a n  
b e  e a s i l y  d r i l l e d ,  c u t ,  o r  p u n c h e d  f o r  a i r  i n l e t s .  T h e s e  i n l e t s  s h o u l d  b e  
n o  l a r g e r  t h a n  V B  i n c h  i n  d i a m e t e r  t o  p r e v e n t  g r a i n  f r o m  p l u g g i n g  t h e  
i n l e t s  o r  s i f t i n g  i n t o  t h e  d u c t .  I n l e t s  f o r  w o o d e n  d u c t s  m a y  b e  p r o v i d e d  
b y  p l a c i n g  t h e  d u c t  o n  2  x  4 - i n c h  s l a t s .  
T w o  r o w s  o f  c o n c r e t e  b l o c k s  c o v e r e d  w i t h  2 - i n c h  b o a r d s  c a n  a l s o  
b e  u s e d  a s  a  d u c t .  T h e  h o l e s  i n  t h e  b l o c k s  c a n  s e r v e  a s  a i r  i n l e t s  b u t  
m u s t  b e  c o v e r e d  w i t h  w i r e  s c r e e n  t o  k e e p  o u t  t h e  g r a i n .  A  c o r n  d r a g  
t r e n c h  i n  a  c o n v e r t e d  c r i b  c a n  a l s o  s e r v e  a s  a n  a i r  d u c t .  W h a t e v e r  t h e  
d u c t  m a t e r i a l ,  i t  m u s t  b e  s t r o n g  e n o u g h  t o  s u p p o r t  t h e  g r a i n  l o a d .  
P o r t a b l e  p i p e  s y s t e m s  m a y  b e  i n s t a l l e d  a f t e r  t h e  b i n  i s  f i l l e d  ( F i g .  4 )  .  
A  v a c u u m  c l e a n e r  c a n  b e  u s e d  t o  s u c k  t h e  g r a i n  o u t  o f  t h e  p i p e  a s  i t  i s  
p u s h e d  d o w n .  S o m e  p o r t a b l e  p i p e  a e r a t o r s  a r e  e q u i p p e d  w i t h  a  s c r e w  
o r  a u g e r  e n d  s e c t i o n  s o  t h e  u n i t  c a n  b e  t u r n e d  i n t o  t h e  g r a i n .  
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P o r t a b l e  V e r t i c a l  P i p e  S y s t e m  f o r  a  C i r c u l a r ,  S q u a r e ,  o r  R e c t a n g u l a r  B i n .  
A  p o r t a b l e  v e r t i c a l  p i p e  s y s t e m  c o n s i s t s  o f  6  f e e t  o f  p e r f o r a t e d  d u c t  a t ­
t a c h e d  t o  t h e  l o w e r  e n d  o f  a  4 - t o  8 - i n c h - d i a m e t e r  p i p e .  A  V 6  h o r s e p o w e r  
e x h a u s t  f a n  a t t a c h e d  t o  t h e  t o p  o f  t h e  p i p e  w i l l  a e r a t e  3 , 0 0 0  t o  5 , 0 0 0  
b u s h e l s  o f  g r a i n .  C o n t i n u o u s  o p e r a t i o n  o f  t h e  f a n ,  e v e n  d u r i n g  d a m p  o r  
r a i n y  w e a t h e r ,  w i l l  n o t  a p p r e c i a b l y  r a i s e  t h e  m o i s t u r e  c o n t e n t  o f  t h e  
g r a i n .  T h e  e n e r g y  c o n s u m p t i o n  f o r  t h i s  a e r a t i o n  s y s t e m  w i l l  b e  s i m i l a r  
t o  t h a t  o f  a  2 0 0 - w a t t  l i g h t  b u l b .  F o r  t i g h t l y  s e a l e d  b i n s ,  a n  o u t s i d e  v e n t  
f o r  t h e  e x h a u s t  a i r  a n d  a  d e f i n i t e  a i r  i n t a k e  m a y  b e  d e s i r a b l e .  W h e n  m o r e  
t h a n  o n e  v e r t i c a l  p i p e  s y s t e m  i s  i n s t a l l e d  i n  a  l a r g e  b i n ,  t h e  d i s t a n c e  b e ­
t w e e n  a e r a t o r s  s h o u l d  n o t  b e  m u c h  g r e a t e r  t h a n  t h e  g r a i n  d e p t h .  ( F i g .  4 )  ~ 1 ~[ 
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Wind-driven Ventilator 
A wind-driven rotary ventilator installed on a vertical pipe can be 
used to aerate 1,000 to 3,000 bushels of grain. This unit depends on a 
"chimney" or "stack" effect for aeration. It must be installed in open 
areas, away from tall buildings, to take full advantage of the wind 
velocity. Wind-driven ventilators should not be installed in areas where 
the average wind velocity is less than 8 to 10 miles an hour. An obvious 
disadvantage of this system is its dependence on wind for operation. 
DIRECTION OF AIRFLOW 
Fans are usually operated to draw air downward to cool the stored 
grain. Thus the exhaust air, which is usually warm and moist, is 
expelled through warm grain in the lower part of the bin and not 
through the cool surface layers where condensation occurs. Downward 
movement of the air also tends to offset the natural tendency for warm 
air to move toward the surface. Direction of air movement, however, 
is less critical with high airflows. It is therefore unnecessary to reverse 
the direction of a crop-drying fan before using it for aeration. 
OPERATING CONDITIONS 
Aeration should be started when the air temperature is 10° to 15° F. 
below that of the grain. A grain temperature of about 50° F. is gen­
erally satisfactory, particularly if the grain is to be moved during hot 
weather.1 For grain not to be moved in hot weather, lowering the tem­
perature to 35 ° or 40° F. will give better insect and mold control. 
Fans supplying 1/20 dm a bushel or less can be operated con­
tinuously. If the airflow rate is 1/10 dm a bushel or greater, it will 
be more economical to operate the fans intermittently. 
Either manual or automatic control may be used. Manual control 
will give good results if the fans are operated for a few days after each 
substantial change in air temperature. Automatic control can be used 
to take full advantage of weather favorable for aeration. Automatic 
controls for aeration fans generally employ a high-limit thermostat, 
a low-limit thermostat, and a humidistat - all three connected in series. 
The operator can then select temperature and humidity levels so that his 
equipment will operate only under conditions favorable for aeration. 
Stored grain will pick up moisture during periods of high humidity 
and will lose moisture when humidity is low. However, for grain hav­
1 The only sure way of determining grain temperature is to install temperature 
sensing equipment or probe the grain. A simple procedure is to attach a small 
thermometer to a length of string and lower it into a pipe inserted into the grain. 
After a few minutes, raise the thermometer and read it quickly. 
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T a b l e  3 .  - R a n g e  o f  R e l a t i v e  H u m i d i t i e s  i n  E q u i l i b r i u m  W i t h  t h e  M a x i m u m  
M o i s t u r e  C o n t e n t  f o r  S a f e  G r a i n  S t o r a g e  
( A i r  t e m p e r a t u r e  o f  3 0 °  t o  5 0 °  F .  a s s u m e d )  
M a x i m  u r n  m o i s t u r e  R a n g e  o f
G r a i n  
c o n t e n t  f o r  s a f e  s t o r a g e  r e l a t i v e  h u m i d i t i e s  
p e r c e n t  
S h e l l e d  c o r n ,  o a t s  . . . . . . .  .  .  . .  .  .  . . .  .  
1 3  
S O ­ 6 0  
W h e a t ,  b a r l e y ,  g r a i n  s o r g h u m  . . .  . .  .  
1 2  
4 S - S S  
S o y b e a n s .  . . . . . . . . . . . . . .  .  .  . .  . . .  . .  .  
1 1  
S S - 6 S  
i n g  a  g i v e n  m o i s t u r e  c o n t e n t ,  t h e r e  i s  a  r a n g e  o f  r e l a t i v e  h u m i d i t i e s  o f  
t h e  a i r  t h a t  w i l l  n o t  a f f e c t  t h e  g r a i n  m o i s t u r e .  M o i s t u r e  o f  t h e  g r a i n  a n d  
o f  t h e  a i r  a r e  t h e n  s a i d  t o  b e  i n  e q u i l i b r i u m .  T h e  m a x i m u m  m o i s t u r e  
c o n t e n t s  f o r  s a f e  s t o r a g e  o f · g r a i n s  a n d  t h e  r a n g e s  o f  r e l a t i v e  h u m i d i t i e s  
i n  e q u i l i b r i u m  w i t h  t h e s e  m o i s t u r e  c o n t e n t s  a r e  g i v e n  i n  T a b l e  3 .  
I t  i s  b e s t  t o  a e r a t e  t h e  g r a i n  w i t h  a i r  t h a t  w i l l  n o t  c h a n g e  t h e  
m o i s t u r e  c o n t e n t  o f  t h e  g r a i n .  A i r f l o w  r a t e s ,  h o w e v e r ,  a r e  u s u a l l y  l o w  
e n o u g h  t h a t  a n y  c h a n g e  i n  t h e  g r a i n  m o i s t u r e  w i l l  b e  e x t r e m e l y  s l o w .  
E v e n  c o n t i n u o u s  o p e r a t i o n  d u r i n g  d a m p  o r  r a i n y  w e a t h e r  a t  1 / 2 0  t o  
1 / 5 0  c f m  a  b u s h e l  w i l l  n o t  a p p r e c i a b l y  c h a n g e  t h e  m o i s t u r e  c o n t e n t .  
T h e  a i r f l o w  r a t e  f r o m  a  c r o p - d r y i n g  f a n  w i l l  b e  c o n s i d e r a b l y  h i g h e r .  
W h e n  a  c r o p - d r y i n g  f a n  i s  u s e d  f o r  a e r a t i o n ,  i t  i s  b e s t  n o t  t o  o p e r a t e  
w h e n  h u m i d i t y  i s  e x t r e m e l y  h i g h  o r  e x t r e m e l y  l o w .  B e c a u s e  t h e  h i g h e r  
a i r f l o w  w i l l  c o o l  t h e  g r a i n  q u i t e  r a p i d l y ,  i t  i s  p r a c t i c a l  t o  w a i t  u n t i l  t h e  
h u m i d i t y  i s  n e a r  t h e  v a l u e s  i n d i c a t e d  i n  T a b l e  3 .  
T I M E  R E Q U I R E D  F O R  A E R A T I O N  
A i r f l o w  r a t e  l a r g e l y  d e t e r m i n e s  t h e  t i m e  n e e d e d  t o  c o o l  s t o r e d  g r a i n  
t o  t h e  a p p r o x i m a t e  t e m p e r a t u r e  o f  t h e  a i r .  A c c o r d i n g  t o  t h e  U S D A ,  
a  f a n  o p e r a t e d  a t  a  r a t e  o f  1 / 1 0  c f m  a  b u s h e l  w i l l  d o  t h e  j o b  i n  a b o u t  
8 0  h o u r s  i n  t h e  s u m m e r ,  1 2 0  h o u r s  i n  t h e  f a l l ,  a n d  1 6 0  h o u r s  i n  t h e  
w i n t e r . 1  I n  t h e  f a l l ,  w i t h  a n  a v e r a g e  o f  1 0  h o , ! r s  a  d a y  f a v o r a b l e  f o r  
a e r a t i o n ,  t h e  g r a i n  w o u l d  b e  c o o l e d  i n  a b o u t  1 2  d a y s .  D e c r e a s i n g  t h e  
a i r f l o w  r a t e  w i l l  p r o p o r t i o n a t e l y  i n c r e a s e  t h e  c o o l i n g  t i m e .  F o r  e x a m p l e ,  
t h e  c o o l i n g  t i m e  w i l l  b e  t w i c e  a s  l o n g  f o r  1 / 2 0  c f m  a  b u s h e l  a s  f o r  
1 / 1 0  c f m  a  b u s h e l .  
1  A g r i c u l t u r a l  M a r k e t i n g  S e r v i c e ,  U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e .  A e r a t i o n  
o f  g r a i n  i n  c o m m e r c i a l  s t o r a g e s .  U . S .  D e p t .  o f  A g r .  M a r k e t i n g  R e s e a r c h  R e p o r t  
1 7 8 ,  r e v i s e d  N o v e m b e r ,  1 9 6 0 .  
U r b a n a ,  I l l i n o i s  
A p r i l , 1 9 6 2  
C o o p e r a t i v e  E x t e n s i o n  W o r k  i n  A g r i c u l t u r e  a n d  H o m e  E c o n o m i c s :  U n i v e r s i t y  o f  I l l i n o i s ,  
C o l l e g e  o f  A g r i c u l t u r e ,  a n d  t h e  U n i t e d  S t a t e s  D e p a r t m e n t  o f  A g r i c u l t u r e  c o o p e r a t i n g .  
l o u i s  B .  H o w a r d ,  D i r e c t o r .  A c t s  a p p r o v e d  b y  C o n g r e s s  M a y  8  a n d  J u n e  3 0 ,  1 9 1 4 .  
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